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ABSTRACT : PROBLEM TO BE SOLVED: To provide a film and a coated member having a low friction 
coeffi cient and best suited for utilization in a lubricating oil. 

SOLUTION: This coated member is obtained by providing the surface of a base material 1 
with a film 2. This film is provided at least on a part of a sliding face. The film 2 is provided 
with a layer essentially consisting of carbon. Then, the coated member is used in the 
presence of lubricating oil. The lubricating oil desirably contains an aromatic compound. 
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in i 


0 OS 


0.04 


9 


4-17 


C.Ti 


C.Cr 


0 3(a) 


0 3(b) 


VAD 


r9 4 ID) 


OU. 4 


0 OA 


0.03 


9 


4-18 


C.Cr 


C. Cr.Ai 


0 3(a) 


0 3(b) 


v An 
VAD 


BsJ 4 VD) 


9 1 
6. 4 


0 OS 

v. wO 


O 0^ 


g 




C. Cr 


N. Al.Ti 


0 2 


0 3(a) 


VAD 


0 4(b) 


8.6 


0.04 


b.vo 


7 


4-20 


C.Cr 


Al 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


6.6 


0.04 


0.03 


5 


4-21 


C.Cr 


C.N.Cr 


0 3(b) 


0 3(b) 


VAD 


0 4(b) 


5.7 


0.05 


0.03 


6 


4-22 


C.Ta 


C.N.Ta 


02 


0 3(b) 


VAD 


0 4(b) 


3.4 


0.05 


0.04 


5 


4-23 


C. Mo 


N.Mo 


02 


0 3(a) 


VAD 


0 4(a) 


6.9 


0.05 


0.04 


5 


4-24 


c.w 


C.W 


02 


0 3(a) 


VAD 


0 4(b) 


9.8 


0. 06 


0.05 


7 


4-25 


c.w 


c.w 


02 


0 3(b) 


VAD 


0 4(b) 


5.6 


0.06 


0. 04 


8 


4-26 


C.W 


c.w 


0 3(a) 


0 3(b) 


VAD 


0 4(b) 


10.4 


0.06 


0. 04 


8 


4-27 


N.Ti 


N.Cr 


0 3(b) 


0 3(b) 


VAD 


0 4(b) 


13.2 


0. 05 


0.04 


4 



[ O O 7 9 ] a 1 O C^-f J: o wr*UO^&S0« tit 
[0080] ( KlMai5 ) RFUjjgT* 7 X-rCVD^k X£T 

*6tc. THrbv4'TlS^»S!t?t«:lC>*UU:tT'5_. 
[00811 RFlljer 7X^CVISISSrl2 5 1^-$-. ^ 

ffi«21{4^5PAP26k^»«P27i: 5:XiTV%*. 
[0082] iOTi ^^:iSSl=fcV->TRFliiB7'7X?CV 
W6T*iW6«*. wrnXXlZteCA* . C 2 H 2 . C 6 H 
6 Srfflv^S. H2«21|*J<^«*;^22tcS«28^-b-y 

*pXr^*Xf**An26*»feXffi«21rt 
CSAL. ^Srt^20«TorrtCi-S. P^tw. S*f*/P 
r22^i:sS1EESr-l000V9lUn L, Arr^Xv?:^? 



[0083] 
[^1 11 





f 


200—600 






CH 4 ■» C S H|« CgH e 




Torr 


0. 2—0.001 




x: 


50—400 



[0084] X£T- ?&Mj&m ; 3i&*® 6 IZjfrf . C 
coJIJKiXSIiSOrttc^RS^cotsKEx-^HlSrX 

325rXi.i>. S«*^r32SrS{0«r*i]-rSXS«ffl!ISt; 

■yh33tittitt«aD4fc:«N«S<i4. S«*;u^2 

[0085] Z<?>£o%mmzt5^X, fi-y-yhttb 

ttk. ^SrtSr2xl0- s TorrOTlw#x8BKD37*^ 
XS^Sv-f*. Ar^X?:Xrx*AP36*»^Xffi 
momzmXL. 5ISrt5r20BTorr{C-r«.. « 
»*;ur32tcig85ieaSr-iooovQ]jnt, «ri«W<-F» 
a$-«3. iXV^T. X2fflrt^Ar^fX$-3IA-r2)*V i 



(45)101-192864 (P2 00 1-fT« 



[0086] 

imi 23 



*y— km 


A 


30—120 




V 


-800—0 


(Arm AM) 


?a 


0.41—2.8 




Rpi 


0-30 



[0087] wzmmt, ^-f k»!>5-7Te* 
JWfcWii (c < v M$tt . #8000cor>f ttyK^h 

[0088] mmsEm.5mm, wm*v- 

b*0.3nm/s, Cut-offffl0.8nat LT. SAMSL&TOfl 

[0089] v>*>T<x?mmim 

/s. E@6M^SUJ2$Tffl3^rtr>t LT. x>^*v^->f 
W-40-SHT. iitifcs&K«:Mi&T-*>S. 



[ 0 0 9 0 ] Srfc. RFSiigr^XvcVDffitcJ: 9fi£RL 

0.02Atn*3ltC^-S*&ti. ^-JifVJRfaffJr^^ 

[0091] ^3lC«cifi§jWla=0.2Srj8*.. 
?SS*«1800ia±8000JaT<OWBtK:o^T. ^EfflSRa. 

mtmm, &m®mzr>\^x*Ltb 

IttSHfcLT, Ra#0.2£jg;iT. **o*-:rWK 
fl»»1800ia±8000JaTOaiRT'«)*Hf . ftlSffi&OffiSE 
tiiJS&&>£>2roT*5 9. XRD : (X-ray diffractio 

[0092] 
[«1 3] 







(kg/BB 1 ) 


&£f&£ Ra 
(ti m) 


mm 

Oia) 






ttim 

5-1 


VAD 


1738 


0.26 


I.I 


SUS304 


0.064 




5-1 


RF-CYD 


4323 


0. 240 


0.8 


SCM415 


0. 041 




5-2 


VAD 


3564 


0.210 


0.4 


SUS304 


0.038 


m 

« 


5-3 


VAD 


5986 


0. 300 


0.2 


S OI41 5 


0. 039 


5-4 


RF-CVD 


7230 


0. 260 


0.4 


SUS304 


0. 038 




5-5 


VAD 


2345 


0. 240 


0.1 


SKDl I 


0. 044 




5-6 


VAD 


1983 


0.250 


0.4 


AC8A 


* 0.047 



[00933 *14fc, Z-7W%tf\maTX-t> 0 , Ra 
^.005fiU:0.2E[T<oaRK:oV%T^®fflSRa N fcffipg 



o. itaw.oo5ia±o.2jaT«)t(w-cjMiHr, mimsoo 

[00943 
1^14 3 







(kg/oi*) 


Ra 


mm 

Oil) 


St* 






Mm 

5-1 


VAD 


1738 


0.26 


I.I 


SUS304 


0.064 




6-1 


RF-CVD 


1564 


0. 006 


0.6 


SCM415 


0. 038 




6-2 


RF-CVD 


1465 


0. 090 


0.72 


SUS304 


0. 037 


m 
m 


6-3 


RF-CVD 


1340 


0.123 


0.68 


S45C 


0.040 


6-4 


VAD 


1124 


0. 034 


0.8 


SCr415 


0. 042 




6-5 


RF-CVD 


1667 


0.062 


0.45 


FC250 


0. 037 1 




6-6 


VAD 


1738 


0. 083 


0. 97 


SCH415 


0. 038 | 



[00953 *15fc, * -rSES*«1800tli:8000WTT 
* *} . **ORa#0. OOSULhO. 2&TO&KI;:-?*, ^Tflffiffi 

$Ra. w&m, mtwm. mm, mm&®, 

«*fcovvc±fc*>fc. EPIC. tWfcOttfflkONffi 



m3<9Jt««5-l£x, Sffiffl$Ra*i0.2$rjei 
&«R£A. ao^S$Ra*«0.005tLh. 0.2OT05&JKS: 
Ot LT70 7 h Jf-7TSJK* { 1800tUi8000 
JjtTT*0. *^Ra*i0.005tUi0.2JaTTi>S*^t;fk 
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[0096] 









XffifiS Ra 


AM 


3MU 








(kK/mm 1 ) 


(urn) 


(urn) 








VAD 


1738 


0.26 


LI 


SUS304 


a 064 




7-1 


HF-CVD 


2617 


0.153 


0.8 


SQ4415 


a 032 




7-2 


RF-CVD 


6125 


0.092 


a8 


SCM416 


ao28 




7_Q 

/ -o 


RF-CVD 


6828 


a 186 


0.75 


AC8A 


0.030 




/HI 


RF-CVD 


2886 


0.116 


0.8 


S45C 


a 031 i 




1 -O 


RF-CVD 


3293 


0.078 


0.9 


SCM415 


a029 




T_c 

< *o 


RF-CVD 


2968 


a 063 


0.9 


FC250 


a 024 | 




7-7 


RF-CVD 


1850 


0.032 


1 


SCM415 


0.028 




7-8 


RF-CVD 


2587 


0.038 


0.7 


SUS304 


0.033 




7-8 


RF-CVD 


2519 


a 093 


0.9 


SUS304 


0.037 




7-10 


RF-CVD 


8450 


0.084 


0.6 


S45C 


0.021 




7-11 


VAD 


4263 


a 098 


0.7 


SCM416 


0.025 


£ 
w 


7-12 


VAD 


1901 


a055 


0.8 


SCM416 


0.039 


7-13 


VAD 


8763 


aon 


0.5 


5CM415 


0.028 




7-14 


VAD 


4234 


0.089 


1 as 


AC8A 


0.032 




7-15 


VAD 


2411 


0.062 


1 02 


| SKD11 


0.086 




7-16 


VAD 


j 3489 


0.034 


ai6 


S0415 


1 0.022 




7-17 


VAD 


2087 


! 0.081 


0.05 


SCM416 


a 04 




7-18 


VAD 


1823 


0.083 


0.01 


SCM415 


0.041 




7-18 


VAD 


2979 


0.057 


0.03 


SCM415 


0.028 




7-20 


VAD 


6695 


0.068 


0.64 


SCM416 


0.022 




7-21 


VAD 


1989 


0LO15 


0.8 


645C 


0.036 




7-22 


VAD 


2313 


0.045 


0.9 


S0415 


0.035 




7-28 


VAD 


3499 


0006 


1 




! 0.08 



[oo97] (tmw6 ) swassrjf^c-rs 



[0098] &&M ! &<?>Wfcl>U»m5<OV V*>¥< 

[0099] ^i6» i7. istc+ras, ^rajfBus. a® 

[0 100] 

[ai6] 





cpfUJfl 








SSffiSRa 


mm 


*** 






a* 


(itri 






(am) 




MR 




tt*ms-i 






VAD 


1738 


0. 26 


1. 1 


SUS304 


0.064 




8-1 


Ta 


0. 37 


RF-CVD 


2565 


0.26 


0.5 


SCr436 


0.047 




8-2 


If 


0. 29 


RF-CVD 


5874 


0. 35 


0.64 


S45C 


0.042 




8-3 


si 


0. 48 


VAD 


1856 


0. 24 


0.8 


SUS304 


0.045 






Kb 


0. 46 


VAD 


4632 


0.3 


0.7 


SUS304 


0.043 




8-5 j 


Ti 


0. 56 


VAD 


3671 


0. 24 


0.8 


SKDll 


0.044 




8-6 


Cr 


0. 13 


VAD 


2546 


0.31 


1.7 


SCM415 


a 042 I 




8-7 


Si 


0.55 


RF-CVD 


1125 


0.04 


0.6 


SOW 15 


a 042 




8-8 


w 


0.62 


RF-CVD 


1046 


0.05 


0.7 


AC8A 


0.043 




8-9 


TI 


0. 37 


RF-CVD 


1632 


0.07 


0.6 


SKH51 


0.042 




8-10 


V 


0.54 


RF-CVD 


1524 


0.14 


0.9 


SCr436 


0.041 




8-11 


Zr 


0. 58 


VAD 


1273 


0.06 


0.6 


SCM416 


0.041 




8-12 


Cr 


0.12 


VAD 


1436 


0.113 


1.2 


SCH4I5 


0.04 




8-13 


E! 


0.23 


VAD 


1353 


0.05 


0.7 


S4SC 


0.042 




8-U 


SI 


i 0.21 


RF-CVD 


2019 


0.016 


0.8 


SCH415 


0. 034 




8-15 


1 Si 


0.8 


RF-CYD 


2999 


0.016 


0.8 


FC250 


0.038 




8-16 


Si 


0.52 


RF-CYD 


4439 


0.018 


0.76 


SCM415 


0.032 




8-17 


Ta 


I 0.67 


RF-CVD 


2401 


0.036 


0.8 


SOU 15 


0.042 




8-18 


Ta 


0.48 


RF-CVD 


2832 


0. 045 


0.9 


S45C 


0.029 




8-19 


TaC 


0.22 


RF-CYD 


3499 


0.035 


0.9 


SCM416 


0.022 


1 


8-20 




0.13 


RF-CVD 


2979 


0.036 


0.7 


SOI416 


0.036 



[01011 



[S17] 



(?L7))01-192864 (P200 1-64 



[0 102] 







(xxa) 


wXJEftfg 




\ u nu 


■UP 


•w *•* 
*♦? 

WW 




i I- 4 


$M 5-1 








I 1 AO 


0. 26 


1. 1 


SU5304 


0.064 




8-21 




0. 70 


BF-CVD 


3508 


0.06 


0. 6 


SOU 


0. 021 




8-22 


r- 


U. Id 


RF-CVD 


jCOt 

4586 


0.092 


0. 8 


SCM41 5 


0.024 




8-23 


Cr fiwfcfj 


A t 1 
0. 1 I 


Rr-CYD 


3788 


0. 125 


0. 7 


SCM41S 


0.023 




8-24 


Kb 


0. 36 


Rr-CYD 


1852 


0.07 


0.7 


SCU415 


0. 025 




8-25 


Nb 


0. 44 


RF-CVD 


2617 


0. 089 


0.8 


SCM415 


0.041 




8-26 


Kb 


0. 74 


RP-CVD 


3949 


0.014 


0.5 


PC250 


0.023 




8-27 


TI 


0.32 


RF-CVD 


1823 


0.036 


0.3 


SCM41S 


0.036 




8-28 


II 


0. 55 


RP-CVD 


3097 


0.036 


0. 16 


SCr436 


0.022 


8-29 


Zr 


0.88 


RF-CVD 


2607 


0. 033 


0.01 


SCM415 


0.045 




8-30 


ZrC 


0. 23 


RF-CVD 


1989 


0.037 


0.8 


AC8A 


0.037 




8-31 


TaC 


0. 56 


RF-CVD 


4351 


0.032 


1 


SUS304 


0.03 




8-32 


HI 


0.58 


RF-CVD 


3499 


0.068 


L 


SOKlS 


0.03 




8-33 


Ta ttfcfe 


0.43 


RF-CVD 


3273 


0.0S6 


0.3 


SOU 15 


0.033 




8-34 


It m<tm 


0.33 


RF-CVD 


3361 


0.007 


0.8 


SKD11 


0.033 




8-35 


SI 


0.54 


VAD 


2401 


0.007 


0.6 


SCM415 


0.032 




8-36 


SI 


0.23 


VAD 


3176 


0.0S4 


0.7 


SXH51 


0.038 | 




8-37 


SI 


0.67 


VAD 


4469 


0.07 


0.6 


SXH5I 


0.028 




8-38 


TI 


0.98 


VAD 


2636 


0.075 


0.2 


SUS304 


0.036 




8-39 


TI 


0.65 


VAD 


3891 


0.081 


0.05 


SCM415 


0.044 




8-40 


Ta 


0.64 


VAD 


2185 


0.006 


1 


SCU416 


0.042 ! 


[$18] 




« 


(*■) 




Ckg/n 1 ) 


3c®fi£Ra 
Um) 


mm 

(um) 


mm 




ittt« 8-1 






VAD 


1738 


0. 26 


i.i 


SUS304 


0.064 ! 




8-41 




0.33 


VAD 


3940 


0.124 


0.8 


SUS304 


0.037 




8-42 


w 


0.55 


VAD 


2607 


0.024 


0.9 


SKH51 


0.042 




8-43 


Tl ! 


0.66 


VAD 


3176 


0.03 


0.7 


SKH51 


0.036 




8-44 


Zr 


0.63 


VAD 


2773 


0.009 


0.6 


SUS304 


0.04 


1 


8-45 


Zr 


0.9 


VAD 


4665 


0.06 


0.03 


AC 8 A 


0.028 


« 


8-46 


ZrC 


0.54 


VAD 


6595 


i 0.06 


0.64 


SCH41S 


1 0.041 


8-47 


Hi 


0.27 


VAD 


2313 


0.049 


0.9 


SCM416 


0.036 




8-48 


Cr 


0.12 


VAD 


3798 


0. 087 


0.6 


SCH415 


0.031 




8-49 


V 


0.63 


VAD 


2877 


0. 079 


0.7 


1 AC8A 


0.035 




8-60 




0.42 


VAD 


2283 


0.063 


0.1 


SUS304 


0.041 




8-51 


NbftiM 


0.52 


VAD 


3597 


0.005 


0.2 


SXH51 


0.036 




8-52 


Tl »<t* 


0. 36 


VAD 


3146 


0.06 


0.7 


SKDtl 


0.032 



[oio3] mizwgt ®i$M&commz^ 

f . *13«5ltt»«5-l«rx. $mmZteM.2Zmi.&& 

fc, 5-rffiR*«1800J3Lh8000iaT'Cft'). *^>Ra*50. 
005J3LhO.2«TT***&(=ft t>*»«»WS< iot 

[0104] (&mM7 ) mtttn&SJj fr&thh tzth 



£lCf6£-$-&AE (Acoustic emission) Sr-teV?— izi. 
[0105] ISSUi"t LX , ^-y^U^i/&(Ci:->T 

nmttx. *iam&&fs.iirr. tsatititLfc 
&sn&mn lx v £ fc Jt . 

[0 106] 
(£11 9] 



(SL8))01-192864(P200 1-R6 4 





as 


(ai) 






Ra 

(um) 


mm 

Cum) 


mi 




vvt 

GO 


tttfctt 7-3 


- 


- 


RF-CYD 


2564 


0.045 


0.8 


S46C 


0.034 


16 


tttm 7-4 




_ 


VAD 


SS42 


0.035 


0.8 


SUS304 


0. 036 


12 




9-1 


si 


0- 21 




9AI Q 


U. uiu 


0. 8 


SQH15 


0. 034 


26 




9-2 


Ta 


0. 48 


RF-CYD 


£532 


0. 045 


0.9 


S45C j 


0.029 


20 




9-3 


TaC 


0. 22 


Rr-vYD 




A A9C 

U. 


0.9 


SOW 15 


con 


22 




9-4 


f 


0. 13 


RF-CYD 


WJ70 


A AVi 
U> UM 


0. 7 


SQ0416 


0.036 


24 ! 




9-5 




0. 76 


RF-CYD 


9CAS ! 


n as 
u. uo 


0. 6 


SIDU 


0,021 


25 j 




9-6 


Nb 


0. 74 


DD_rvn 
Kf-CYD 


ay*? 


0 All 
u. Ul * 


0. 5 


FC250 


0. 023 


24 




9-7 


Zr 


0.68 


RF-CYD 


2607 


A AM 

0. 033 


0.01 


SCU4I6 


0.045 


25 1 




9-8 


ZrC 


! 0.23 


RF-CYD 


1989 


0.037 


A fi 

U. o 


4f£A 
AMJA 


0.037 


25 




9-9 


TaC 


0.56 


RF-CYD 


4351 


0.032 


1 

t 


OUj ou* 


0.03 


26 


1 


9-10 


Hi 


0.58 


RF-CYD 


3499 


A Afcft 




SCM415 


0.03 


23 




9-11 


Ta m<tm 


0.43 


RF-CYD 


3273 


A ACC 

0. 05b 


A ^ 




0.033 


23 




9-12 


It ffcffctJ 


0.33 


RF-CYD 


3361 


0.007 


0,8 


SKDU 


0.033 


24 




9-13 


Cr 


0.13 


RF-CYD 


4586 


0.092 


0.8 


SCH4U 


0. 024 


26 ! 




9-U 


SI 


0.54 


VAD 


2401 


0.007 


0.6 


SQI415 


0.032 


26 




9-15 


Ta 


0.64 


VAD 


2185 


0.006 


1 


SCM416 


0.042 


22 




9-16 


I 


! 0.33 


VAD 


3940 


0.124 


0.8 


SUS304 


0.037 


24 




9-17 


Ti 


0. 66 


! VAD 


3175 


0.03 


0.7 


SKE51 


0.036 


25 




9-18 


Zr 


0. 63 


VAD 


2773 


0.009 


0.6 


SUS304 


0.04 


23 




9-19 


ZrC 


0. 54 


! VAD 


6595 


0.06 


0.64 


SCM415 


i 0.022 


22 




9-20 


Cr 


0.12 


VAD 


3798 


1 0.087 


0.6 


SCM415 


0.031 


27 




9-21 


V 


0. 63 


VAD 


2877 


0.079 


0.7 


ACS A 


0.035 


21 
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fc. KKftttt*. tfiiw, j»k26dm/s, m-tum 
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ssA^oooiU-heoooiaT^tastc^v %T . affiffi S Ra. 
teK^K, BUS. **flMW=ovvC4fc*> 

[0109] 
[5*20] 









(Mm) 


m» 

(an) 


mm 




ttttH 8- 

5 


VAD 


1738 


0. 26 


1.1 


SUS304 


0.07 




10-1 


RF-CVD 


4563 


0. 250 


0.9 


SUS304 


0. 042 




10-2 


VAD 


3655 


| 0. 225 


0. 63 


SCM415 


0. 045 


m 


10-3 


VAD 


2634 


0. 233 


0. 45 


SKD51 


0. 048 




10-4 
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